1. Introduction {#sec1}
===============

Androgen-deprivation therapy (ADT) is the standard treatment for recurrent or advanced prostate cancer.[@bib1] In 2015, docetaxel chemotherapy with ADT was reported to prolong both progression-free survival (PFS) and overall survival (OS) in the CHAARTED and STAMPEDE trials of men with metastatic hormone-sensitive prostate cancer.[@bib2]^,^[@bib3] In 2017, combination treatment with the CYP17 inhibitor abiraterone and ADT was also reported to benefit survival in the LATITUDE and STAMPEDE trials of men with metastatic hormone-sensitive prostate cancer.[@bib4]^,^[@bib5] Accordingly, upfront docetaxel chemotherapy or abiraterone combined with ADT have become standard therapies for metastatic hormone-sensitive prostate cancer.[@bib6]

The metabolic diseases, diabetes mellitus (DM) and dyslipidemia, are established risk factors for atherosclerosis and cardiovascular disease.[@bib7] We previously reported an association between metabolic disorders and outcome after radical prostatectomy.[@bib8]^,^[@bib9] Several studies have reported associations between an increased risk for the development of metabolic diseases and some prostate cancer treatments, including ADT and corticosteroids.[@bib10]^,^[@bib11] Conversely, there is evidence that DM and dyslipidemia themselves affect the efficacy of ADT. For example, Shevach *et al.* reported worse outcomes of ADT in men with DM,[@bib12] and dyslipidemia has been associated with increased risk of recurrence after curative treatment.[@bib13] Similarly, antidiabetes and antidyslipidemia agents such as metformin and statins, respectively, have been suggested to have antitumor activity in prostate cancer.[@bib14]^,^[@bib15] Thus, a number of associations have been reported between prostate cancer prognosis and metabolic diseases and their treatments. Accordingly, in this study, we investigated the prognostic significance of DM, dyslipidemia, and medication use in Japanese men receiving ADT for *de novo* metastatic prostate cancer.

2. Patients and methods {#sec2}
=======================

2.1. Patients {#sec2.1}
-------------

This study retrospectively enrolled 121 Japanese men with *de novo* metastatic prostate cancer who were treated with primary ADT at Kyushu University Hospital (Fukuoka, Japan) between 2001 and 2013, and who had full datasets available of pretreatment serum glucose, total cholesterol, and triglyceride levels; DM and dyslipidemia status; and medication status. We excluded (i) patients with ethnicities other than Japanese, (ii) patients who had received local treatment before primary ADT, and (iii) patients who received other treatments (such as chemotherapy) before disease progression. This study was approved by the Institutional Review Board of Kyushu University. A waiver of informed consent was granted by the Institutional Review Board, on the condition that the right of opt-out was provided to all patients.

All patients were histopathologically diagnosed with adenocarcinoma of the prostate. Of the 121 men, 109 (90.1%) were biopsied at Kyushu University Hospital, and 12 (9.9%) were biopsied at another institution (4 of the biopsy specimens were subsequently reviewed at our institution). Clinical staging was determined by the unified tumor, node, metastases (TNM) criteria, based on the results of digital rectal examinations, transrectal ultrasound, magnetic resonance imaging, computed tomography, and bone scans.[@bib16]

2.2. Treatments and outcomes {#sec2.2}
----------------------------

All patients were treated by primary ADT with either surgical castration or medical castration using a luteinizing hormone-releasing hormone agonist/antagonist (goserelin acetate, leuprorelin acetate, or degarelix acetate) and/or an antiandrogen agent (bicalutamide or flutamide). Of the 121 men, 114 (94.2%) were treated with combined androgen blockade, and 7 (5.8%) were treated with castration alone. Progression was defined as an increase in prostate-specific antigen (PSA) levels of \>2 ng/mL with a 25% increase over the nadir, or radiographic progression, which was defined as the appearance of two new lesions or the progression of one or more known lesions (as classified by the Response Evaluation Criteria in Solid Tumors).[@bib17] In case that PSA does not decline after ADT initiation, the PSA level before treatment was defined as nadir PSA. Serum testosterone level was measured in most cases when progression was observed, among whom the castrated level of serum testosterone (\<50 ng/dL) was confirmed.

2.3. Statistical analysis {#sec2.3}
-------------------------

All statistical analyses were performed using JMP13 software (SAS Institute, Cary, NC, USA). Continuous and categorical data were analyzed by Wilcoxon\'s rank sum and Pearson\'s chi-square tests, respectively. Survival analyses were conducted by the Kaplan--Meier method with the log-rank test. The Cox proportional-hazards model was used to estimate hazard ratios (HRs). All *P* values were two-sided, and *P* \< 0.05 was considered significant.

3. Results {#sec3}
==========

The median follow-up time was 54.9 months (interquartile range \[IQR\], 24.9--80.9 months); during this time, 81 men (66.9%) experienced progression to castration-resistant prostate cancer (CRPC) and 59 men (48.8%) died from any cause. The median PFS and OS times were 23.9 months (IQR, 10.3--130.9 months) and 73.0 months (IQR, 35.9 months--not reached), respectively. Most patients presented with high PSA levels, high Gleason scores, and advanced TNM stage at initial diagnosis ([Table 1](#tbl1){ref-type="table"}). Serum glucose, total cholesterol, and triglyceride levels, as well as body mass index, were within normal range for most patients ([Table 1](#tbl1){ref-type="table"}). DM and dyslipidemia comorbidities were present in 27 (22.3%) and 22 (18.2%) men, respectively.Table 1Patients\' characteristicsTable 1Characteristics*n* = 121Age, years (IQR)72 (68-77)PSA at diagnosis, ng/mL (IQR)202.9 (75.2-637.0)Gleason score, *n* (%) ≤716 (14.0%) 8-1098 (86.0%) NA 7cT stage, *n* (%) T2/3a52 (44.1%) T3b26 (22.0%) T440 (33.9%) NA 3cN stage, *n* (%) N044 (36.7%) N176 (63.3%)cM stage, *n* (%) M1a8 (6.6%) M1b108 (89.3%) M1c5 (4.1%)Glucose at diagnosis, mg/dL (IQR)106 (94-125) NA 1Total cholesterol at diagnosis, mg/dL (IQR)193 (163-218) NA 3Triglyceride, mg/dL (IQR)110 (76-158) NA 4Body mass index, kg/m^2^ (IQR)22.6 (20.5-24.4)DM, *n* (%) Absence94 (77.7%) Presence27 (22.3%)Dyslipidemia, *n* (%) Absence99 (81.8%) Presence22 (18.2%)

The prognostic significance of clinicopathological parameters for survival were evaluated by univariate and multivariate analysis. Gleason score and clinical T-stage were significantly associated with PFS, whereas age, PSA levels at diagnosis, clinical N-stage, and clinical M-stage were not associated in this cohort ([Table 2](#tbl2){ref-type="table"}). Among the parameters related to metabolic disorders, only the presence of DM was significantly associated with increased risk of progression in univariate analysis (HR, 95% confidence interval \[CI\]: 1.94, 1.17--3.12; *P* = 0.0002), although high serum glucose levels approached significance (HR, 95% CI: 1.61, 0.98--2.58; *P* = 0.059) ([Fig. 1](#fig1){ref-type="fig"}A and B, [Table 2](#tbl2){ref-type="table"}). However, in multivariate analysis, neither DM (HR, 95% CI: 1.25, 0.69--2.20; *P* = 0.45) nor high serum glucose (HR, 95% CI: 1.06, 0.61--1.79; *P* = 0.83) were associated with PFS after adjustment for age, PSA at diagnosis, Gleason score, and clinical stage ([Table 2](#tbl2){ref-type="table"}).Table 2Univariate and multivariate analyses for progression-free survivalTable 2VariableUnivariate*P*Multivariate[a](#tbl2fna){ref-type="table-fn"}*P*HR (95% CI)HR (95% CI)Age (range)3.10 (0.98--10.03)0.055PSA at diagnosis (range)2.60 (0.71--7.39)0.14Gleason score ≤7Ref 8--102.68 (1.26--6.94)0.0086\*cT stage T2/3aRef T3b1.19 (0.64--2.13)0.57 T42.25 (1.36--3.72)0.0016\*cN stage N0Ref N11.56 (0.98--2.56)0.061cM stage M1aRef M1b1.40 (0.62--3.98)0.45 M1c0.32 (0.017--1.98)0.24Glucose \<126 mg/dLRefref ≥126 mg/dL1.61 (0.98--2.58)0.0591.06 (0.61-1.79)0.83Total cholesterol \<220 mg/dLRefRef ≥220 mg/dL0.91 (0.51--1.53)0.731.21 (0.65--2.14)0.53Triglyceride \<150 mg/dLRefRef ≥150 mg/dL0.97 (0.57--1.58)0.971.28 (0.74--2.14)0.37Body mass index \<25 kg/m^2^RefRef ≥25 kg/m^2^0.81 (0.44--1.38)0.450.89 (0.47--1.56)0.69DM AbsenceRefRef Presence1.94 (1.17--3.12)0.011\*1.25 (0.69--2.20)0.45Dyslipidemia AbsenceRefRef Presence1.10 (0.59--1.92)0.751.31 (0.67--2.41)0.42[^1][^2]Fig. 1Survival curves of men with prostate cancer stratified by serum glucose concentration and comorbid diabetes mellitus (DM). Progression-free survival (A, B) and overall survival (C, D) of 121 men stratified by serum glucose levels (A, C) and comorbid DM (B, D).Fig. 1

A significant association was detected between OS and Gleason score and clinical T-stage but not age, PSA levels at diagnosis, clinical N-stage, or clinical M-stage ([Table 3](#tbl3){ref-type="table"}). Among the parameters related to metabolic disorders, high serum glucose levels (HR, 95% CI: 2.60, 1.50--4.38; *P* = 0.0009) and DM (HR, 95% CI: 2.70, 1.52--4.68; P = 0.0010) were significantly associated with increased risk of progression in univariate analysis ([Fig. 1](#fig1){ref-type="fig"}C and D, [Table 3](#tbl3){ref-type="table"}). In multivariate analysis, both parameters (high serum glucose and DM) remained significantly associated with OS after adjustment for age, PSA at diagnosis, Gleason score, and clinical stage (HR, 95% CI: 2.12, 1.16--3.76; *P* = 0.015 and HR, 95% CI: 2.07, 1.06--3.94; *P* = 0.034, respectively) ([Table 3](#tbl3){ref-type="table"}). No parameters related to dyslipidemia were significantly associated with either PFS or OS ([Supplementary Fig. 1](#appsec1){ref-type="sec"}, [Table 2](#tbl2){ref-type="table"}, [Table 3](#tbl3){ref-type="table"}) (see [Table 4](#tbl4){ref-type="table"}).Table 3Univariate and multivariate analyses for overall survivalTable 3VariableUnivariate*P*Multivariate[a](#tbl3fna){ref-type="table-fn"}*P*HR (95% CI)HR (95% CI)Age (range)3.80 (0.93--15.92)0.063PSA at diagnosis (range)3.57 (0.87--10.83)0.073Gleason score ≤7Ref 8-102.76 (1.12--9.16)0.025\*cT stage T2/3aRef T3b1.45 (0.72--2.86)0.29 T42.01 (1.11--3.67)0.022\*cN stage N0Ref N11.20 (0.71--2.12)0.51cM stage M1aRef M1b1.06 (0.43--3.52)0.91 M1c0.41 (0.021--2.81)0.39Glucose \<126 mg/dLRefRef ≥126 mg/dL2.60 (1.50--4.38)0.0009\*2.12 (1.16--3.76)0.015\*Total cholesterol \<220 mg/dLRefRef ≥220 mg/dL1.06 (0.56--1.89)0.851.26 (0.64--2.36)0.49Triglyceride \<150 mg/dLRefRef ≥150 mg/dL0.59 (0.30--1.08)0.0900.76 (0.37--1.44)0.41Body mass index \<25 kg/m^2^RefRef ≥25 kg/m^2^0.60 (0.28--1.17)0.140.64 (0.28--1.31)0.24DM AbsenceRefRef Presence2.70 (1.52--4.68)0.0010\*2.07 (1.06--3.94)0.034\*Dyslipidemia AbsenceRefRef Presence1.11 (0.56--2.03)0.751.46 (0.72--2.78)0.28[^3][^4]Table 4Univariate analysis for progression-free survival and overall survival among men according to medication for diabetes mellitusTable 4Variable*n*Progression-free survival*P*Overall survival*P*HR (95% CI)HR (95% CI)Sulfonylurea Absence16RefRef Presence110.36 (0.12--0.90)0.028\*0.52 (0.18--1.30)0.17Biguanide Absence22RefRef Presence 51.09 (0.36--2.76)0.871.06 (0.30--2.95)0.92DPP-4 inhibitor Absence20RefRef Presence 70.94 (0.34--2.29)0.901.12 (0.39--2.90)0.82α-glucosidase inhibitor Absence22RefRef Presence 50.40 (0.093--1.17)0.100.66 (0.15--2.03)0.50Insulin Absence24RefRef Presence 30.54 (0.086--1.88)0.380.80 (0.13--2.82)0.76[^5]

Finally, we analyzed the impact of medications for DM on PFS and OS. Among the six types of medications taken by the men with DM (sulfonylureas, biguanides, dipeptidyl peptidase-4 inhibitors, α-glucosidase inhibitors, and insulin), sulfonylurea treatment was significantly associated with longer PFS (HR, 95% CI: 0.36, 0.12--0.90; *P* = 0.028) and showed a trend, albeit not significant, toward association with longer OS (HR, 95% CI: 0.52, 0.18--1.30; *P* = 0.17). None of the other medications was significantly associated with PFS or OS.

4. Discussion {#sec4}
=============

This study examined the prognostic significance of metabolic disease-related factors in men receiving ADT for metastatic prostate cancer. Our results indicate that high serum glucose and DM are possible adverse prognostic factors for OS, which is consistent with several retrospective studies identifying impaired glucose tolerance as an adverse prognostic factor in patients with prostate cancer when treated with ADT.[@bib12]^,^[@bib18] In a study in the US, Shevach *et al.* reported that DM was associated with a shorter time to CRPC in men receiving ADT for non-metastatic advanced prostate cancer.[@bib12] Similarly, DM predicted worse OS for elderly Chinese men (\>75 years of age) receiving ADT for advanced prostate cancer.[@bib18] Interestingly, androgen receptor expression has been reported to be higher in prostate cancer tissues from men with DM than those without DM.[@bib19] In a mouse xenograft study, a high carbohydrate diet resulted in impaired glucose tolerance and promoted progression to CRPC by increasing intra-tumoral androgen synthesis.[@bib20] These findings may at least partially explain our observation that the outcome of ADT was worse for men with DM. Notably, our study showed an association between impaired glucose tolerance and OS, but not PFS, suggesting that impaired glucose tolerance is strongly associated with survival after progression to CRPC. A meta-analysis of three phase 3 trials found that DM was not associated with prognosis for men with chemotherapy-naïve CRPC treated with docetaxel.[@bib21] It will be interesting to determine whether impaired glucose tolerance influences the outcome of agents that target the androgen receptor axis, such as abiraterone and enzalutamide. Indeed, a retrospective study of prostate cancer in the US showed that men with hyperglycemia, but not with hyperlipidemia, had a poor response to abiraterone and enzalutamide.[@bib22]

In our study, dyslipidemia-associated factors had no significant impact on the outcome of ADT. To date, an association between dyslipidemia and prostate cancer outcome has only been reported for patients receiving curative therapy.[@bib13]^,^[@bib23] To our knowledge, this is the first report of the prognostic impact of dyslipidemia in patients receiving ADT.

The adverse prognostic significance of impaired glucose tolerance identified in this study suggests the importance of close management of DM during ADT. Intriguingly, several antidiabetic agents have been suggested to affect the proliferation and survival of prostate cancer cells and the outcome of prostate cancer.[@bib14]^,^[@bib24], [@bib25], [@bib26], [@bib27], [@bib28], [@bib29] In particular, biguanide metformin was shown to suppress the incidence and progression of prostate cancer in preclinical and clinical studies.[@bib14]^,^[@bib24] Metformin was found to be associated with reduced mortality risk in a US study of prostate cancer treated with ADT.[@bib25] Downregulation of dipeptidyl peptidase-4 (DPP-4) was recently reported to accelerate the progression to CRPC, suggesting that inhibitors of this enzyme may be detrimental for prostate cancer patients.[@bib26] However, we did not detect an association between survival and either biguanides or DPP-4 inhibitors in our cohort. Rather, we found that sulfonylurea treatment was associated with a reduced risk of progression to CRPC. The sulfonylurea glipizide was previously reported to suppress prostate cancer progression in the TRAMP transgenic mouse model by inhibiting tumor-associated angiogenesis.[@bib27] Sulfonylureas may also affect the androgen milieu by inhibiting aldo-keto reductase 1C,[@bib28] and an association between their use and a reduced incidence of prostate cancer was detected in a prospective study in Sweden.[@bib29] The present study is the first to show a possible anticancer effect of sulfonylureas for patients treated with ADT, which suggests that this class of compounds may be a favorable option for patients with impaired glucose tolerance.

This study has several limitations. The sample size was relatively small, and the study design was retrospective. The presence of metabolic disorders and medication use may have been overlooked in some cases. The changes on the status of DM and dyslipidemia after ADT initiation were not examined in this study. In addition, a small fraction of the cohort lacked information on either serum glucose or lipid level. The accrual period was long and included the period before several novel agents for CRPC were introduced (e.g., abiraterone acetate, enzalutamide, radium-233, docetaxel, and cabazitaxel). However, a strength of our study is that it included only Japanese men with *de novo* metastatic prostate cancer, which ensured a homogenous study population.

In conclusion, this study showed that impaired glucose tolerance, but not dyslipidemia, has prognostic significance for ADT-treated patients, suggesting that DM management is important. Especially, sulfonylureas may have a favorable effect on prognosis by antitumor effects through antiangiogenesis and modulation of androgen milieu. However, further investigations in other ethnic groups will be required to verify these findings.
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[^1]: \*Statistically significant.

[^2]: Adjusted by age, PSA at diagnosis, Gleason score, and clinical stage.

[^3]: \*Statistically significant.

[^4]: Adjusted by age, PSA at diagnosis, Gleason score, and clinical stage.

[^5]: \*Statistically significant.
